Abstract: It was investigated in humans whether the incorporation of an extinction cue attenuates renewal of extinguished conditioned performance using a computerized task. All participants received an acquisition phase against a specific background, context A. In this context they learned that two conditioned stimuli, CS1 and CS2, predicted the occurrence of an aversive unconditioned stimulus (US) and that a third stimulus, CS3, predicted the absence of the US. Next, half of the participants received an extinction treatment in a different context (B), whereas the other half did not (context A). During extinction both CS1 and CS3 were repeatedly presented in absence of the US. For all participants, a so-called extinction cue was presented partially during this extinction phase. Finally, a renewal test was conducted in which CS1, CS2, and CS3 were presented against the acquisition background (A). Half of the participants received the extinction cue along the renewal test. Participants demonstrated renewal, but only when they had received the extinction treatment in a different context. Contrary to the hypothesis, the extinction cue at test did not attenuate but appeared to augment this renewal. Different explanations for this result are discussed.
INTRODUCTION
Pavlovian (or classical) fear conditioning in animals refers to the learning of an association between an initially neutral stimulus and a relevant, aversive event, the unconditioned stimulus (US). As a result of this learning, the initially neutral stimulus becomes a conditioned stimulus (CS) and will evoke a conditioned fear response (CR). It has been considered that anxiety disorders, like phobia, can be acquired through Pavlovian fear conditioning when an initially neutral stimulus (e.g. mouse) is paired with a fear evoking event (e.g. intense pain), resulting in a conditioned fear response to the CS [1, 2] . This Pavlovian conditioning perspective on the aetiology of anxiety disorders resulted in a treatment procedure of great clinical relevance; the attenuation of a conditioned fear response by means of extinction. During extinction the CS is repeatedly presented in absence of the US. In a typical behaviour therapy session, patients are also exposed to the feared stimulus until the conditioned fear response is extinguished or strongly diminished [3] [4] [5] [6] .
Although extinction or exposure sessions do result in an attenuation of the conditioned fear response, it is well established that the original CS-US association is not erased [7, 8] . Retention of the CS-US association after extinction treatment can be uncovered in several ways including the mere passage of time (spontaneous recovery), fast relearning of the CS-US association (rapid reacquisition), unsignaled US presentations (reinstatement), or a change of context (renewal). Bouton states that extinction results in an additional association, the CS-noUS association, next to the already established CS-US association, leaving the CS with two meanings [7, 8] . Which of the two available meanings is retrieved from memory depends on the context in which the CS is presented. Although both the CS-US and CS-noUS association are stored in memory, retrieval of the latter, second-learned association, is more vulnerable to changes in context than the former. This context dependency of extinction is most obvious in renewal. In the most common renewal paradigm, ABA renewal, the acquisition of the CS-US association takes place in one context (context A) and extinction is conducted in a separate context (context B). When the CS is then presented in the original conditioning context (context A) renewed responding is observed. Translated to a clinical setting a patient might acquire spider phobia at home (context A), receive exposure therapy in a clinic (context B), and suffer a relapse when confronted with a spider at home (context A) [9] [10] [11] [12] .
There are several ways to reduce a possible renewal effect after an extinction procedure or exposure therapy [7, 13, 14] . For instance, renewal is attenuated when extinction is conducted in multiple contexts [15] , or when an extinction retrieval cue is added during extinction. Especially, the latter method seems to be a promising candidate for generalizing extinction beyond the extinction context. Brooks and Bouton [16] demonstrated in a series of animal conditioning experiments that presentation of a cue from extinction during renewal testing diminished the renewal effect. The authors state that this extinction cue helps to disambiguate the meaning of the CS during the renewal test by retrieving the memory of extinction.
In our previous studies, we examined the influence of extinction cues on renewal using a human fear conditioning paradigm [17, 18] . In these studies, acquisition took place in context A, extinction in either context A or B, and testing was conducted in context A. At test, half of the participants received an extinction cue that was also present during the extinction phase; the remaining participants did not receive this cue. The results demonstrated that a switch in context after extinction resulted in a renewed expectancy of the US on CS presentations (ABA). Most importantly, this renewal was attenuated by the presence of an extinction retrieval cue. Unexpectedly, removal of the cue in the group that did not receive a context switch (AAA) also resulted in renewed responding, indicating that the cue functioned as a conditioned inhibitor rather than a retrieval cue. In case of a conditioned inhibitor the existing CS-US association is suppressed and no, or only a weak, CS-noUS association is formed. Theoretically, withdrawal of the cue will then directly result in the activation of the CS-US association [19] . This observation implies that the fear is not extinguished, but only suppressed by the cue.
Therefore, the primary aim of the current study was to develop a method to encourage the retrieval properties of an extinction cue and, at the same time, to promote the formation of a CS-noUS association during extinction. In the animal experiments of Brooks and Bouton [16] , the extinction cue was only partially presented during the extinction phase. This partial presentation still resulted in attenuation of renewal, whereas removal of the cue in the groups that did not receive a context switch did not result in renewed responding. Partial presentation of the cue during extinction has the advantage that a CS-noUS association can be formed on the no cue trials. To our knowledge, the usage of a partial presentation of an extinction retrieval cue to attenuate renewal has not been examined in humans.
For the present study, it was hypothesized that renewal after a switch in context should be reduced by the presentation of an extinction cue, even if this cue was only partially presented during the extinction phase. Additionally, it was hypothesized that removal of this cue after extinction should not result in renewed responding when no change in context was experienced.
METHOD

Participants
Eighty-four psychology and mental health students (46 females, 38 males) aged 18-29 years (M age = 21.18 years, SD = 1.89) participated and received one hour of credit for their contribution. All participants signed a written informed consent before onset of the experiment, and were randomly assigned to one of four experimental groups, with the restriction of an equal male/female distribution in each group. The experiment was approved by the local ethical committee (ECP-66).
Apparatus
Three different photos of neutral faces, a white female, a white male, and a female with a dark skin colour (base 12 cm, height 16 cm) functioned as conditioned stimuli. A loud scream (2000 ms, 95 dB, instantaneous rise time) was binaurally presented through headphones and served as unconditioned stimulus [ 20] . Two CSs were consistently paired with the US (CS1+ and CS2+); the remaining stimulus was never followed by the US (CS3-). Each photo functioned as CS1, CS2, and CS3 at least four times within each experimental group. For sake of clarity only one version will be described for the remainder of the article. The stimuli were presented against one of two different contexts (counterbalanced, only one version will be described below), an orange or a blue coloured computer screen. In all groups an ampersandsymbol "&" functioned as the extinction retrieval cue. The US-expectancy was measured on each trial via a 100 mm online visual analogue scale (VAS.) The scale was presented at the bottom of the screen below the stimuli and the background. The indicator could be set anywhere between the far left (certainly no scream) and the far right end (certainly a scream) by clicking the left mouse button. The whole experiment was run on an IBM-compatible desktop computer and programmed with E-prime software (psychology Software Tools, http://www.pstnet.com).
Procedure
The experiment consisted of three phases: an Acquisition phase, an Extinction phase, and a Renewal test. 
Pre-Conditioning
After entering the room the participant was seated in a comfortable armchair in a quiet room. The experimenter was present in an adjacent room and communication was possible through an intercom system. Before onset of the experiment a questionnaire was presented concerning the stimuli used. For each of the three faces, the participant had to rate its (un)safety and (un)pleasantness on separate paper VASs. After these ratings the experimenter started the experiment and an instruction appeared on the computer screen. In this instruction the participant was encouraged to find the contingency between the photos presented and the (non)occurrence of a loud scream. Furthermore, information about the VAS usage was presented. Subsequently, the participant received three practice trials, without US presentations, in order to become customized to the rating procedure. Next, the US was presented twice and the participant rated the (un)pleasantness of the USs. The participant was told that the US should be loud and aversive, but not painful. If necessary, the volume of the US was adjusted on directions of the participant. The experimenter checked if all instructions were clear and then left the room. Note: A and B represent the two different background colours, CS1, CS2, CS3 are the three conditioned stimuli, + followed by the US, -not followed by the US. Cue means the presence of the extinction cue. Testing was conducted without US.
Acquisition Phase
The acquisition phase was identical for all four groups. During the entire phase the background colour remained orange. At the bottom of the computer screen a grey band was presented, displaying the VAS. At the outer left anchor of the VAS the text "certainly not" was presented, indicating that no scream was expected, at the outer right the text "certainly" was displayed, indicating that the scream was certainly expected. The VAS was only displayed during CS presentation and only responses made within this time frame were recorded. The CS was presented in the centre of the coloured background and remained visible for 3 seconds. In case of CS1 and CS2, presentation of the US (2 seconds) followed immediately after offset of the CS. CS3 was never followed by the US. For all phases the inter-trial-interval varied between 6 and 8 seconds. Each CS was presented 6 times, resulting in a total of 18 trials. Stimuli were pseudorandomly presented with the restriction that a CS was never presented more than two times in succession and that UStrials were never presented more than four times in a row. The Extinction phase started automatically after the last acquisition trial.
Extinction Phase
For the ABAnocue and ABAcue group, the background colour switched to blue, for the AAAcue and AAAnocue group the background colour remained orange. For all groups, CS1 and CS3 were presented without US. Each stimulus was presented 12 times resulting in a total of 24 trials. Trials were pseudo-randomly mixed with the restriction that a stimulus was not presented more than three times in a row. The extinction cue was presented on 66.7% of the trials (i.e., 16 out of 24 trials). The position of the cue varied across trials, but the cue never covered the CS. Change in position occurred 4 seconds after offset of the CS and was introduced to discourage configural learning and to enhance the saliency of the extinction cue. After the last extinction trial, the Renewal test was automatically started.
Renewal Test
All groups received the Renewal test in the orange acquisition context. For half of the groups the extinction cue was present (AAAcue and ABAcue), for the other half no cue was present (AAAnocue and ABAnocue). Each stimulus was presented once. CS2 was presented in order to test transfer or generalization of the cue to a non-extinguished stimulus. Further details were identical to that of the extinction phase.
After finishing the experiment, the participant was asked to rate each CS again for (un)safety and (un)pleasantness. Furthermore, the US (un)pleasantness was rated and whether the amount of fear elicited by the US changed across trials (i.e. less fear or more fear).
Inclusion Criteria
Only the data of participants that mastered the Acquisition and Extinction phase were included in the data analyses. Performance was labelled as successful if the following criteria were met: 1) a rating of 80% or more on the last CS1 and CS2 acquisition trial, indicating a clear expectancy of the US; 2) a rating of 20% or less on the last CS3 acquisition trial, indicating that no US was expected; 3) a rating of 20% or less on the last CS1 and CS3 ratings, indicating successful extinction and the maintenance of no US expectancy, respectively. These criteria were set as testing for potential renewal is redundant in the absence of adequate acquisition and extinction.
Response Definition
The amount of renewal was calculated by subtracting the ratings of CS1 on the last extinction trial, trial 12, from the ratings of the Renewal test. A similar difference score was calculated for CS3. For CS2 the difference between the last acquisition trial, trial 6, and the test rating was calculated.
Statistical Analyses
Both the US expectancy data and pleasantness and safety ratings were parametrically analyzed using ANOVAs and repeated measures ANOVAs. Context (same versus switch) and cue (present or absent at test) served as between-subjects factors. Effects sizes were expressed as partial eta squared, pη 2 . In case of violations of sphericity, Greenhouse Geisser corrections were made; Bonferroni corrections were made in case of multiple or pair-wise comparisons. The significance level was set at p < .05, throughout.
RESULTS
The data from 23 students were discarded because they did not meet one or more of the aforementioned criteria. Seventeen of these participants were excluded because of unsuccessful acquisition, six because of unsuccessful extinction. The remaining 61 students were 32 females and 29 males (M age = 21.03 years; SD = 1.83). The number of participants in each group was: AAAnocue n = 16, AAAcue n = 14, ABAnocue n = 16, ABAcue n = 15. No difference between the four experimental groups concerning age, F < 1, or gender, χ 2 < 1, was detected.
Acquisition
The mean US expectancy ratings of CS1, CS2, and CS3 are depicted on the left side of Fig. (1) . A repeated measures ANOVA with stimulus type (CS1, CS2, and CS3) and trial (1 through 6) as within-subjects factors and cue and context as between-subjects factors was used to analyze the US expectancy ratings of the acquisition phase. This analysis revealed a main effect of stimulus, F (2, Firstly, the stimulus x trial interaction was analyzed further by comparing CS1, CS2, and CS3 on each of the six acquisition trials using repeated measures ANOVAs. These analyses revealed a main effect of stimulus on each trial, Fs(2, 120) > 3.48, ps <.037, with an increase in effect size as the acquisition phase progressed (.054 < pη 2 < .99). On trial 1 CS1 received lower ratings than CS2, p = .019; no other differences were observed, ps > .25. On the remaining trials CS1 and CS2 received higher ratings than did CS3, ps < .001, with no differences between CS1 and CS2, ps > .34.
Secondly, the stimulus x context x cue interaction was further examined by averaging each CS across the six acquisition trials and running Univariate Analyses of Variance on these averages with group as factor (i.e. splitting up cue/no cue and context switch/no switch). Only for CS1 a main effect of group was observed, F(3, 57) = 3.76, p = .016, pη 2 = .17, but not for CS2 and CS3, Fs(3, 57) < 1.87, ps > .12, pη 2 < .095. Pairwise comparisons indicated that, overall, the AAAnocue group displayed higher CS1 ratings than did the ABAnocue group, p = .10, no other group differences were observed, ps > .29. This was not considered as being problematic as no group differences were detected on the last (1) . Acquisition of the CS1, CS2, and CS3 expectancy ratings, and extinction of the CS1 and CS3 expectancy ratings.
CS1 acquisition trial, F(3, 60) = 1.00, p = .40, pη 2 =.050. As can be derived from Fig. (1) , CS1 and CS2 ratings gradually increased as the acquisition phase progressed, whereas CS3 ratings steadily declined.
Extinction
The extinction ratings are displayed on the right side of Fig. (1) . As can be inferred from this figure, the ratings of CS1 on the first extinction trial appear to be smaller than that of the final acquisition trial, whereas the ratings of CS3 appear to have increased. This suggests some generalization decrement due to a switch in context. To test this assumption, two separate repeated measures ANOVAs were conducted on CS1 and CS3. In each analysis the last acquisition trial and first extinction trial served as within-subjects factor and context switch (AAA-groups versus ABA-groups) functioned as between-subjects factor. Both analyses revealed a main effect of trial moment, Fs(1, 59) 001, but not in case the context remained the same, t < 1. For both the switch and the non switch condition CS3 ratings increased, ts > 2.64, ps < .014, but with a sharper increase in case of a context switch, t(59) = 5.12, p < .001. The change in ratings of CS1 and CS3 in the switch group can easily be explained by the clear transition from the acquisition to the extinction phase. For these groups the background colour changed. Furthermore, for all groups CS1 was no longer followed by the US, indicating that the contingencies learned were no longer valid. It appears that this change was also noticed in the AAA-groups, resulting in a small increase of the CS3 ratings, indicating that the participants were no longer entirely confident that no US would follow.
A GLM repeated measures was conducted to further analyze the extinction data. In this analysis stimulus (CS1 and CS3) and trial (1 through 12) served as within-subjects factors and cue and context switch as between-subjects factors. This analysis revealed a main effect of stimulus, F(1, 57) = 59.69, p < .001, pη 2 = .51, a main effect of trial, F(11, 627) = 84.65, p < .001, pη 2 = .60, but no main effect of cue or context switch, Fs(1, 57) < 1.25, ps > .26, pη 2 < .023. Furthermore, a stimulus x trial interaction was observed, F(11, 627) = 14.93, p < .001, pη 2 = .21, a stimulus x context switch interaction, F(1, 57) = 37.83, p < .001, pη 2 = .40, a trial x context switch interaction, F(11, 627) = 3.68, p = .003, a trial x context switch x cue interaction, F(11, 62) = 3.68, p = .003, pη 2 = .061, and a stimulus x trial x context switch interaction, F(11, 627) = 13.06, p < .001, pη 2 = .19. The trial x cue interaction just failed to reach significance, F(11, 627) = 2.07, p = .067, pη 2 =.035.
To further assess the interactions observed, separate GLM repeated measures were run on CS1 and CS3, with cue and context switch as between-subjects factors. Both analyses indicated that CS ratings decreased as extinction progressed, Fs (11, 627 The CS3 trial x context switch x cue interaction was analyzed further by running separate Univariate Analyses of Variance on each trial with group (i.e. dividing cue/no cue and context switch/no switch) as factor. These analyses revealed that the group differences were only observed on the first two trials, Fs(3, 57) > 6.51, ps < .013, pη 2 > .25, but not on the remaining trials, Fs(3, 57) < 2.43, ps > .074, pη 2 < .12. Post Hoc tests indicated that on trial 1 the AAAcue group significantly differed from the ABAcue and ABAnocue groups, ps < .008, but not from the AAAnocue group, p = 1.00. The AAAnocue group also differed from the ABAcue group, p = .001, and a marginally significant effect was observed between the AAAnocue and ABAnocue group, p = .068. For trial 2, a difference between the ABAcue and AAA-groups was observed, ps < .005. Overall, a switch in context resulted in higher US expectancies on presentation of CS3 than no switch in context, especially visible at the onset of the extinction phase.
Renewal Test
The mean ratings of CS1, CS2, and CS3 on the Renewal test are displayed in Fig. (2) . The amount of renewal for CS1 was calculated by subtracting the ratings on the last extinction trial from the Renewal test rating. A GLM repeated measures with stimulus as within-subjects factor and cue and context switch as between-subject factors was carried out. This analysis revealed a main effect of stimulus, F(2, 114) = 105.73, p < .001, pη 2 = .65, and a main effect of context switch, F(1, 57) = 24.13, p < .001, pη 2 = .30. Additionally, a stimulus x context switch interaction, F(2, 114) = 21.58, p < .001, pη 2 = .28, and a context switch x cue interaction, F(1, 57) = 4.30, p = .043, pη 2 = .070, were observed. Pairwise comparisons indicated that CS2 received the highest ratings followed by CS1 and CS3, ps < .001 (CS2 > CS1 > CS3).
To examine the observed interaction, separate Univariate Analyses of Variance with this difference score as dependent variable and cue and context switch as factors were carried out, followed by pairwise comparisons between all groups. For CS1 this analysis revealed a main effect of context switch, F(1, 57) = 74.78, p < .001, pη 2 =.57, a marginally significant effect of cue, F(1, 57) = 3.46, p = .068, pη 2 = . 057, and a significant cue x context switch interaction, F(1, 57) = 4.95, p = .030, pη 2 = .08. The presence of a context switch resulted in more renewal. Although not significant, the presence of the cue tended to result in more renewal. This was contrary to our expectations and previouslyobtained results using a similar experimental design. The interaction was caused by a diversion in the effect of the cue on CS1 responding between the AAA-and ABA-groups. Multiple comparisons indicated that AAAcue and AAAnocue group did not differ from each other, p = 1.00, that the two ABA-groups showed more renewal than both AAA-groups, ps < .001, and that the ABAcue group displayed more renewal than the ABAnocue group, p = .03. The amount of renewal can be summarized as follows: ABAcue > ABAnocue > AAAcue = AAAnocue. Pairwise comparisons between the last extinction trial and first test trial revealed only an increase in CS1 ratings in both ABA groups, ps < .001, no change was detected in the AAAgroups, ps > .11.
Secondly, the influence of a cue and a switch in context on CS2 responding was analyzed. The difference score was calculated by subtracting the last CS2 acquisition ratings, trial 6, from the Renewal test ratings. This analysis revealed no effect of cue, context switch or cue x context switch interaction, Fs < 2.90, ps > .093, pη 2 < .049. These results indicate that the cue did not transfer its value to another, non-extinguished, stimulus. Pairwise comparisons between the last acquisition trial and first CS2 test trial revealed a decrease in ratings for all groups, ps < .05.
Finally, a similar analysis was run on the CS3 difference score. This analysis revealed only a main effect of context switch, F(1, 57) = 18.32, p < .001, pη 2 = .24, but no main effect of cue or cue x context switch interaction, Fs < 1. Pairwise comparisons of the groups revealed higher CS3 ratings, relative to the last extinction trial, for each of ABAgroups compared to each of the AAA-groups, ps < .05. No differences between the two AAA-and two ABA-groups were observed, ps = 1.00. Additional comparisons revealed that for both ABA groups CS3 ratings significantly increased from the last extinction trial to the first test trial, ps < .05, but no such increase was observed in the AAA groups, ps > .13.
Ratings of the Stimuli
Pleasantness
The mean ratings and accompanying standard errors of each stimulus are presented in Table 2 . A GLM repeated measures was conducted to assess the ratings of the three CSs before onset of the experiment. In this analysis CS1, CS2, and CS3 functioned as within-subjects factor and cue and context switch as between-subjects factors. This analysis revealed no effect of stimulus, cue, context or interactions, Fs < 1.24, ps > .29, pη 2 < .022. These results indicate that at the onset of the experiment no differences in experienced pleasantness were observed.
A similar GLM was run on the pleasantness ratings after the experiment. This analysis indicated a main effect of stimulus, F(2, 114) = 8.82, p < .001, pη 2 = .13, but no main or interaction effects of context switch or cue, Fs < 1.42, ps > .23, pη 2 < .025, Pairwise comparisons revealed that both CS1 and CS2 were rated as less pleasant than CS3, ps < .007. No difference between CS1 and CS2 was obtained, p = 1.00.
Safety
The safety data were analyzed in the same way as the pleasantness ratings. Like the pleasantness ratings no differences or interaction effects were detected before the onset of the experiment, Fs <1.24, ps > .29, pη 2 < .22. These results indicate similar safety ratings across stimuli and groups. Fig. (2) . The mean ratings of CS1, CS2, and CS3 on the Renewal test. Note: Mean ratings and standard errors of pleasantness and safeness of CS1, CS2, and CS3 before and after the experiment. The US is rated for (un)pleasantness and rated for (un)pleasantness and change in fear (change) after the experiment. In this table highly pleasant/safe/ is represented by scores close to 100. In case of a change in fear a score close to 100 represents sharp increase in fear.
Renewal Test
The GLM conducted on the safety ratings after finishing the experiment revealed a main effect of stimulus, F(2, 114) = 13.19, p < .001, pη 2 = .19. No other main or interaction effects of cue or context switch were observed, Fs < 1.19, ps > .30, pη 2 < .021. Pairwise comparisons revealed that both CS1 and CS2 were rated as less safe than CS3, ps < .001. No difference between CS1 and CS2 was observed, p = 1.00.
US Ratings
A Univariate Analyses of Variance on the US pleasantness rating revealed no effect of cue, context switch, or interaction, Fs < 1, before onset of the experiment. The US was perceived as highly unpleasant, one sample t-test, comparison to neutral value 50, t = 28.62, p < .001.
Similarly, after completing the experiment, no effect of context switch, cue or interaction was observed, Fs < 1. However, the unpleasantness of the US declined over the two measurement moments, F(1, 57) = 13.31, p = .001, pη 2 = .19, and the amount of fear elicited by the US diminished, one sample t-test, comparison to no change value 50, ts > 2.80, ps < .05. These results indicated that with repeated exposure, participants habituated to the US.
DISCUSSION
In the present experiment it was investigated whether a partially presented extinction retrieval cue can attenuate renewal after a switch in context. At the same time it was tested whether this partial presentation enabled the formation of a CS-noUS association during the extinction phase. The results indicated that most participants readily learned to differentiate between the CSs that predicted the occurrence of the US, CS1 and CS2, and the CS that predicted the nonoccurrence of the US, CS3. The resulting difference in USexpectancy between CS1 and CS3 was successfully extinguished in 90% of the participants in the subsequent extinction phase. At test, this differential US-expectancy was renewed when the test context differed from the extinction context (ABA groups). Contrary to our expectations, this renewal effect was not attenuated when the extinction cue was present. Even more, the presence of a cue after a switch in context resulted in more renewal than its absence. Furthermore, the cue did not attenuate the US expectancy of the non-extinguished CS2.
Next to the ability of an extinction cue to reduce renewed responding at test, the formation of a CS-noUS association during extinction was examined. To this end it was tested whether removal of the cue after extinction would result in a higher US expectancy on CS1 presentation. The results showed that the low US expectancy on CS1 presentation after cue removal was indeed preserved. That is, at test no difference between the AAAcue and AAAno cue group was observed, and compared to the extinction phase the CS1 ratings at test remained equally low. This persistence in low ratings indicate that the cue did not merely function as a conditioned inhibitor that suppressed the CS-noUS association.
The valence ratings of the stimuli showed that after the experiment participants rated the CS3 as the most pleasant and safe stimulus. This comes as no surprise since CS3 was never followed by the US during the entire experiment. The US ratings pointed out that the aversion decreased during the experiment, indicating habituation to the loud scream.
The results of the present study are only partly in line with our expectations. Removal of a formally partially presented cue at test indeed did not produce renewed CS1 responding in the AAAnocue group. This result corresponds with previous animal findings [16] . However, contrary to the results of Brooks and Bouton the cue enhanced rather than diminished renewal in the ABA groups. Given the fact that such an augmentation was not hypothesized, further human research should first replicate the abovementioned animal findings before definitive conclusions can be drawn. A possible explanation for the discrepancy observed between our data and those of Brooks and Bouton is that we used a fear rather than an appetitive conditioning paradigm. In our paradigm we used stimuli that belonged together, a face with a loud aversive scream. Such combination is known to result in strong fear conditioning that is less vulnerable to extinction [20] . It is, therefore, conceivable that fear conditioning is more sensitive to renewal than appetitive conditioning. If that is the case, presentation of the extinction cue at test might not be strong enough to diminish this renewal. Although this line of reasoning can explain the absence of a diminishment in renewal by the retrieval cue, it cannot clarify the augmentation of renewal by its presence.
A second explanation is that the cue was not the best stimulus to signal the non-occurrence of the US. In the ABA groups the background colour was always present and, therefore, reliably predicted the absence of the US. The cue was only partially presented (66.67%) and the absence of the US occurred both in its presence as well as in its absence. As a result the extinction cue was experienced as non-informative and attention to it waned [21] . At test, the cue was presented against a different background and evoked renewed attention. Because of its previous history, participants in the ABAcue group learned little or nothing about the cue-US relation, resulting in no attenuation of renewal. Although this explanation does not directly account for the increased CS1 ratings in the ABAnocue group, one can argue that presentation of the cue at test caused confusion resulting in a general increase in ratings. If this is the case, differential CS2 and CS3 ratings at test are also expected, but no differences between the ratings of the ABAcue and ABAnocue group were observed, Fs < 1.
A final, and most fitting, explanation is that the cue indeed was not informative regarding the CS1-(no)US association and that its function remained unclear for the participants. This ambiguity only acted on other equivocal stimuli. In the present study only CS1 was endowed with an ambivalent meaning, predicting both the occurrence and nonoccurrence of the US. The remaining two CSs, CS2 and CS3, were consequently followed by the presence and absence of the US, respectively. One can argue that especially the combination of the two uncertain stimuli, that is CS1 and the extinction cue, elicited a higher US expectancy after a switch in context. Besides these possible explanations for the diverging results between the present study and that of Brooks and Bouton [16] , it is also important to note that the presentation scheme of the extinction cue differed. In the study of Brooks and Bouton [16] the cue preceded the non-reinforced CSs. This procedure is known to produce negative occasion setting in which the cue signals that in its presence the CS-US association is no longer valid [22] . As a result reduced responses on the extinguished CS are expected in its presence after a switch in context. In our study, the cue was presented throughout the entire trial and both preceded and accompanied the CSs. Holland [23] suggests that perceptual discontinuity between the stimuli, for example by establishing a time interval, favours occasion setting, whereas simultaneous presentation is more likely to result in conditioned inhibition. In the present study both situations are effective, the cue both preceded and accompanied the CS. Furthermore, the cue was not continuously present and changed position between trials, reducing the chance that it was merely an element of the context. This design might have provided the cue with both occasion-setting and conditioned inhibitor properties. Even if this is the case, both types of function should have resulted in decreased CS1 ratings at test.
In sum, the present results suggest that when a discrete cue is partially added to the extinction phase, the removal of such a cue does not automatically lead to renewed responding. These results concord with animal research in which an extinction cue did not merely functioned as a conditioned inhibitor and the formation of a CS-noUS association remained possible [24, 25] . Furthermore, adding the cue after a switch in context resulted in more renewal, probably due to the ambiguity of the CS1 and extinction cue combination. This latter effect was contrary to our expectations and previous results on human experiments using extinction cues [17, 26, 27] .
The current study has several limitations. First of all, a total of 23 students did not demonstrate clear acquisition (n = 17) or extinction (n = 6). During acquisition, seven persons were excluded as they seemed to have made a 'mistake' or lost their attention. That is, when the 'incorrect' last rating was omitted and replaced the second last rating (acquisition trial 5) they did fulfil the inclusion criteria. Additionally, seven persons showed a moderate response style [28] , with CS1 and CS2 rated well above CS3, but with expectancies below 80% or above 20%. Six participants were excluded as they did not (fully) adjust their US expectancy ratings during the extinction phase, resulting in CS1 scores over 20%. The remaining three participants did not seem to master the task at all. Second, the participants habituated to the US. Such habituation of course affects conditioned fear responding and hinders a direct comparison with clinical research. Therefore, in future research, one should attempt to make use of a more aversive US, such as an electric shock [e.g., 26 , but see 29] or synthesized aversive sounds such as fingernails scraping across a chalkboard [30] in order to reduce habituation. Sec-
